Pre-, per-, and post-operative anticoagulation at the therapeutic level is nowadays the most, if not the only, available effective method to prevent post-operative thrombo-embolism. There is no increased tendency to bleeding to be feared during the operation. The real danger of this prophylaxis consists of a treacherous tendency to acute relative overdosage after the operation. This is explained by the combined indirect action of anticoagulants and influences related to the operation. As its development can accurately be followed by laboratory tests, dangerous levels of anticoagulation can be prevented. (Cooley, 
extracorporeal circulation, does not save more than a fraction of the many who die annually from post-operative pulmonary embolism (Cooley, Beall, and Alexander, 1961; Cross and Mowlem, 1963; Editorial-Circulation, 1966; Foley and Wright, 1956; Wieberdink, 1960) .
Prevention of sudden death from post-operative thrombo-embolism is attained only by prophylactic anticoagulation starting before the operation. This is explained by the probability that intravenous clotting may start during the operation, and by the fact that non-obstructive thrombi must be considered the most dangerous (Borgstr6m, Greitz, van der Linden, Molin, and Rudics, 1965; Littman and Brodman, 1955; Matis, 1961; Mullertz and Storm, 1954; Sevitt and Gallagher, 1961 ; Storm and Gammelgaard, 1957; Storm, 1958) .
Secondly, prophylactic anticoagulation is desirable because the long-term sequelae of thrombosis (venous insufficiency in the lower extremities) are not completely prevented by early treatment with anticoagulants (Borgstrom et al., 1965; Editorial -Circulation, 1966; Foley and Wright, 1956 ). Thirdly, thrombo-embolism is one of the major problems of intracardiac surgery. This knowledge dates back to the earliest experiences with blind mitral commissurotomy, especially if performed in the presence of auricular fibrillation. In modern times valve replacement has revived this problem as thrombo-embolism constitutes the main longterm hazard of prosthetic valves.
Fourthly, anticoagulation seems to improve, to a limited extent, the results of disobliterative arterial surgery. Most vascular surgeons consider some prevention of clotting (with heparin or coumarin) during at least some phase of the operation to be a logical and valuable part of their routine.
From the pharmacological point of view, coumarin derivatives or antivitamins K (also called anticoagulants, in contrast to heparin) are probably the best drugs for per-operative use because they are thought to impede at the therapeutic level intravascular clotting without seriously disturbing the mechanisms of haemostasis-for instance, platelet-function (Alexander, 1961; Baugh, 1965; Foley and Wright, 1956; Jaques, 1962; Luscher, 1959; O'Reilly, Aggeler, and Leong, 1963; Tocantins, 1947 (Borgstrom et al., 1965; Cleland, 1964; Littman and Brodman, 1955; Matis, 1961 ; Muillertz and Storm, 1954; Sevitt and Gallagher, 1961; Storm and Hansen, 1955; Storm and Gammelgaard, 1957; Storm, 1958) , most surgeons reject the prophylactic use of these drugs because this might cause a haemorrhagic 'diathesis' during the operation.
The author came to doubt this surgical opinion some years ago when it was found that major arterial surgery could be accomplished during anticoagulation at the therapeutic level without any increased tendency to bleeding. It was noticed that post-operative bleeding occurred rather often. These haemorrhages were always found to be linked with pathological tests-prothrombin-time (P.T.T.) or thrombotest (T.T.)-and seemed, therefore, to be characterized by acute overdosage. The explanation of this phenomenon was probably the combined, indirect action of coumarin derivatives and influences related to the operation. These included anaesthetic drugs, stress, sedatives, and antibiotics, as it was well known at that time that the main reasons for disturbances in longterm anticoagulation are intercurrent diseases and the simultaneous use of drugs such as salicylates, barbiturates, and antibiotics (Jordan, 1962 ).
An investigation was undertaken which confirmed the hypothesis (Kluft, Stortenbeek, de Vries, and Wieberdink, 1965) . In other words, it established some agreement between the observations of surgeons and the pharmacology of anticoagulants. This was considered a sound basis for another investigation, which is reported here. Its working hypothesis may be summarized as follows:
Anticoagulation at the therapeutic level is effective in preventing thrombosis without increasing the risk of bleeding during the operation. Following operative intervention (after an interval appropriate to the indirect actions of these drugs) toxic levels of anticoagulation tend to be reached by the combined effect of anticoagulants and influences related to the operation. As this relative overdosage is reflected in the results of laboratory tests, its prevention should be possible by close control of the level of anticoagulation (measured by P.T.T. or T.T.) and by fractionated administration of coumarin derivatives and of vitamin K1.
Other risks of anticoagulation are not considered in this study. It is self-evident that safe prophylactic anticoagulation in surgery demands the exclusion of established contraindications, such as peptic ulcer and cerebral haemorrhage.
MATERIAL AND METHODS
Since 1961 the author has used prophylactic anticoagulation in a variety of adult patients, starting with the prescription about one week before the operation and aiming at a P.T.T. of 10 to 15% (or two to two and a half times the control value) or a T.T. of 8 to 12%. No other prophylaxis of thrombosis (such as bandaging of the lower limbs) was practised; on the contrary, as confidence in anticoagulation grew, early ambulation was not advised if it could be harmful from other points of view (for instance, in arterial disobliterations crossing over a joint).
The circumstances in which the investigation had to be undertaken did not allow uniformity of the collected data. Most of the patients reported here were operated upon in the Department of Cardiovascular Surgery of the University Hospital, Utrecht (cardiovascular patients), and in the Military Hospital Dr. A.
Mathijsen, Utrecht (vascular patients).
A number of others (cardiovascular operations, sympathectomies, and pulmonary resections) treated in several private hospitals are included. An advantage of this is that it has been possible to examine the feasibility of this prophylaxis of thrombo-embolism under different conditions. In the analysis of the material it proved practical to distinguish between 'P.T.T.-cases' and 'T.T.-cases,' according to the laboratory technique used (Table I) .
Earlier experiences had shown that the changes in the post-operative level of anticoagulation may be treacherous. In the critical period, one to two days after the operation, this level may change within a few hours from safely therapeutic to severely toxic.
This made caution and alertness essential. From these pilot experiences the following policy was adopted:
During the week preceding the operation the P.T.T. or T.T. was determined daily. From the day of the operation until at least one week later, these tests were performed at least twice a day, usually early in the morning and late in the afternoon. Often (during the day and night) additional tests were considered necessary in order to follow the trend in the level of anticoagulation and to prescribe corrective doses of coumarin or vitamin K1.
The anticoagulants used were mainly nicoumalone (Sintrom) and warfarin. If post-operative disturbances of absorption could influence oral use, intravenous administration was always preferred (Kluft, Wieberdink, and de Vries, 1963) . As a rule, on the morning of the operation a smaller dose was prescribed than on the preceding days. Guided by the P.T.T. or T.T., subnormal doses proved effective in most cases during at least five post-operative days. Often it took one to two weeks before the patient returned to his pre-operative daily doses.
If the P.T.T. or T.T. approached toxic values, vitamin K1 was usually not prescribed immediately. Every one or two hours the tests were repeated until restoration to the therapeutic level proved safe. If no improvement occurred in a few hours, vitamin K1 was administered in fractionated doses, checked by P.T.T. or T.T. after one to two hours. Amounts of 5 to 20 mg. (which are commonly recommended to treat overdosage) proved to be inadequate, as the therapeutic level of anticoagulation could usually not be regained for days. One or more times 0-25 to 1 mg. vitamin K1 was found to correct the intoxication without the draw-back of overshooting.
It is evident that the alertness of laboratory technicians, nursing staff, and medical personnel is essential to the safety of this policy, and this prophylaxis of thrombo-embolism puts a heavy burden on the hospital, and especially on its laboratory facilities.
RESULTS
The Figure gives a representative example of the medication and the level of anticoagulation in our material. Table II shows the mean level of anticoagulation in the 'P.T.T. and T.T.-cases' before, during, (Baugh, 1965) , was contradicted in this investigation by multiple tests, demonstrating that within a few hours critical changes may occur. We have not encountered a pathological bleeding tendency if, at the same time, the P.T.T. or T.T. were at the therapeutic level. Confidence in these tests has resulted from this study.
During the period of this investigation a seeming paradox was noticed: minor operations (for instance, lumbar sympathectomies) were more liable to be followed by overdosage than were more extensive interventions (cardiac operations and arterial disobliterations). The probable explanation is that blood transfusions counteract the effect of anticoagulants (Kettenborg, de Vries, and van der Pol, 1955; Thies, 1961) . This is possibly the reason why mitral commissurotomies belong to the group of operations in which good results with prophylactic anticoagulation were achieved, in spite of the fact that the essential risk of this policy (post-operative bleeding) was not sufficiently recognized (Stephenson, 1966; Storm and Hansen, 1955 
